Smoking behavior has been shown to be influenced by individuals' perceptions of social norms about smoking. This study examines whether local regulations regarding clean indoor air and youth access to tobacco are associated with residents' subsequent perceptions of smoking norms. Data came from Massachusetts surveys of adults and youths and from records of local tobacco control policies. Indices of perceived smoking norms were based on perceived smoking prevalence and perceived community acceptance of smoking. Multilevel models tested the association between perceived norms and the presence of strong local regulations in four policy domains (restaurant smoking bans, smoking restrictions in other venues, enforcement of laws prohibiting sales to youths and youth-oriented marketing restrictions). The model controlled for town voting results on a tobacco tax referendum, which served as a measure of antismoking sentiment pre-dating the regulations. Results showed that youths perceived community norms to be significantly more 'antismoking' if they lived in a town that had strong regulations in at least three of the four domains. For adults, having strong regulations in as few as one to two domains was associated with perceiving community norms to be significantly more antismoking. Implementing and publicizing local regulations may help shape perceptions of community smoking norms.
Introduction
Four decades after the first Surgeon General's report on smoking and health [1] , smoking has become much less prevalent but remains the leading preventable cause of death and disease in the United States [2] . In response to the recognized danger of tobacco use and second-hand tobacco smoke, state and local regulations increasingly restrict where smoking is permitted and how tobacco is marketed. There is good evidence that tobacco control policies are associated with reductions in smoking prevalence among both youth and adults [3] [4] [5] [6] [7] . The question addressed by this research is whether one of the mechanisms underlying that association is the impact of tobacco control policies on social norms regarding smoking.
Local tobacco control regulations are hypothesized to communicate messages about community smoking norms as well as constraining specified behaviors. For example, restaurant smoking bans may influence the way individuals perceive the community norm because they can no longer smoke in restaurants, because they observe fewer people smoking in restaurants and/or because they see the restaurant's 'No Smoking' sign as indicating community disapproval. Regulations may therefore influence perceptions of both descriptive norms (what proportion of people smoke) and injunctive norms (to what extent is smoking disapproved). Further, regulations may influence people's perceptions when their own behavior is not regulated, such as a non-smoking adult who sees a store clerk check the identification of a young person attempting to buy cigarettes. A logical extension of the hypothesis is that multiple regulations, by presenting concordant antismoking messages, will influence perceived norms more strongly than will a single regulation.
Perceived norms and smoking behavior
Research examining the impact of perceived smoking norms has shown both descriptive and injunctive norms to be important influencers of youth and adult smoking behavior [8, 9] . Social unacceptability has been found as important as tobacco taxes in influencing tobacco consumption [10] .
Teenagers' overestimates of smoking prevalence (i.e. descriptive norms) have frequently been shown to relate to their own tendency to smoke [11, 12] . Injunctive norms-youths' belief that adults in their community disapprove of teen smoking-have been found related to youth smoking [13] . A link between descriptive and injunctive norms has been shown: youths who observed smoking in various community locations perceived smoking to be socially acceptable in those locations [14] .
Among adults, perceived norms have been shown to influence smoking [15, 16] as well as such diverse behaviors as sun protection [17] and cancer screening behaviors [18] . More broadly, it has been argued that one of the most potent forces responsible for the reduction in tobacco use has been the change in social norms regarding smoking [19] .
Local tobacco control policies and smoking norms
Although research has linked perceived norms to smoking, there is little empirical evidence that tobacco control policies influence perceived norms. Theoretical work indicates that law and regulation in general, and especially law originating at the local level, can have such effects [20, 21] . Local tobacco control regulations are often asserted to serve as statements of smoking acceptability in the community [22, 23] . Empirically, a few studies have indicated that restrictions on smoking in locations such as workplaces and restaurants can increase community residents' support for the restrictions themselves [24] [25] [26] [27] . Increasing public support for tobacco regulations has been interpreted as indicating a change in social norms [28] [29] [30] . Direct evidence that regulations affect individuals' perceptions of community norms, however, is even more limited.
Analysis of a portion of the data presented here [31] found that among those who frequently ate at restaurants in their own town, strong local restrictions on restaurant smoking were associated with youths' and adults' perceptions of adults' approval of restricting restaurant smoking and with youths' perceptions of lower adult smoking prevalence and greater adult disapproval of smoking. Aside from that study, no research, as best we know, has examined the effect of local tobacco control policies on broader measures of perceived social norms.
Prior to July 2004 when a statewide smoke-free worksite policy was implemented, clean indoor air policies and those designed to affect youth access to tobacco varied among the 351 cities and towns of Massachusetts. The relationship between the strength and breadth of those policies and the perception that one's community possessed an antismoking norm is the focus of this paper.
Methods

Overview
This analysis used data from population surveys of Massachusetts adults and youths conducted in 2001-02. Indices of respondents' perceptions of their community smoking norms were created from survey items concerning perceived smoking prevalence, perceived acceptability of smoking in restaurants and, additionally for youth, perceived adult disapproval of smoking. Individuals' survey responses were linked with the policy and demographic characteristics of their towns. To determine W. L. Hamilton et al.
the breadth of a town's tobacco control regulation, we examined four policy domains (two types of clean indoor air policy and two types of restrictions on sales to youth) and counted the number of domains of strong regulation. Multilevel statistical models examined the breadth of local regulation as a predictor of perceived smoking norms, controlling for community smoking norms that predated the local regulations and for other town and individual characteristics.
The sample
The sample was a statewide list-assisted random digit dialed sample. The survey was conducted by professional interviewers at the Center for Survey Research, University of Massachusetts, Boston. An initial screening survey with an adult informant established household composition, demographics and smoking status of all adult members. All resident youths between 12 and 17 years were selected for extended interview. In most households, an adult (age >18 years and not institutionalized, in the military or living in group quarters) was also selected for extended interview, oversampling smokers, recent quitters, and young adults 18-30 years to improve sample sizes of these particularly interesting groups. Interviewers successfully screened 66% of households. Extended interviews were completed with 70% of the eligible adults for a final sample size of 6739 and an overall response rate of 46%. In households with age-eligible youth, parental permission was sought to speak with the youth and was granted in 78% of the cases. Interviews were completed with 84% of those, resulting in a sample of 3862 adolescents and an overall response rate of 43%. Design weights were applied during analysis to correct for the probability of selection.
Breadth of local regulation
To describe the comprehensiveness of regulations within a town, we derived a composite variable based on two domains of clean air regulation and two domains of youth access regulation. To the extent possible with the available data, we focused on 'strong' policies, such as a complete ban on smoking rather than a restriction to designated smoking areas. The data available for some domains described only the existence of regulations rather than their details or stringency, in which case our criterion for 'strength' was the presence of two related regulations.
Data on regulations came from the Massachusetts Tobacco Control Program (MTCP), which maintains data on tobacco-related ordinances and regulations in the state's 351 cities and towns (we use 'town' to refer to cities and towns inclusively), as well as enforcement activities carried out by town boards of health that receive MTCP funding. Additional data on restaurant regulations were obtained from several sources, as described elsewhere [31, 32] .
The two measures of clean air regulations were as follows: The coding of regulations is believed to have good reliability. Interrater reliability testing of the restaurant data, which required assessment of the content of the regulation, showed high reliability (Cronbach = 0.98) [32] . The coding of other regulations was not tested but would be expected to be comparably accurate because only the presence or absence of the regulation was coded. The compliance check measure was based on reports filed monthly by each town's board of health and is therefore more vulnerable to missing or inaccurate reports, but no formal tests were possible. Data on compliance checks were available for 1999-2000, the 2-year period prior to the beginning of the survey. The measures regarding marketing restrictions and smoking restrictions for locations other than restaurants were defined to indicate the existence of a strong policy throughout the same 2-year period. Restaurant policy was measured as of the end of the period (31 December 2000) on the grounds that restaurant smoking bans tend to be controversial and spark public discussion for many months before actual implementation. An alternate specification, in which restaurant and all other regulations were measured at 2 years before the interview, yielded very similar results to those presented here.
The four indicators of strong regulation were positively correlated at moderate levels, with bivariate correlation coefficients ranging from 0.20 to 0.45.
Breadth of strong regulation, the predictor in the multivariate analyses, is the count of the number of domains with strong regulation. We use a three-level measure, where the categories are low breadth of regulation (0 domains of strong regulation), medium breadth (1-2 domains) and high breadth (3-4 domains).
Perceived smoking norms
Indices were constructed to include perceptions of both descriptive and injunctive norms. To represent descriptive norms, we used two survey questions about perceived smoking prevalence. Adults were asked about adult prevalence and youth prevalence: 'About how many of the adults (teenagers) in [RESPONDENT'S TOWN] smoke cigarettes? Would you say very few, less than half, about half, more than half, or almost all?' Youth respondents were asked a similar question about adult prevalence; regarding youth prevalence, they were asked about 'kids your age at your school'. The composite variable for youth excludes the 'kids your age' question for respondents who did not attend school in their town of residence (23.7% of the sample) in order to focus on perceptions of norms within the town of residence.
To represent perceived injunctive norms, the adult index used one item: 'How do most [TOWN] adults that you know feel about smoking in restaurants? Do you think the majority would prefer that smoking be allowed throughout the restaurant, only in special smoking areas, or not at all?' A similar item was used for youth injunctive norms: 'How do most adults that you know in [TOWN] feel about other people smoking in restaurants? Would you say most of them don't mind, disapprove a little, or disapprove a lot?' In addition, the youth survey contained two questions about general approval of smoking by adults and youths, and these were included in the youth norm index: 'How do most [TOWN] adults that you know feel about teenagers (other adults) smoking? Would you say most of them don't mind, disapprove a little, or disapprove a lot?'
To construct the indices of perceived smoking norms, we coded each item to range from 0.0 to 1.0, with equal intervals between response categories and the value of 1.0 representing the most 'antismoking' perception. The indices were computed as the simple average of the five youth items and the three adult items, respectively. If a respondent did not have valid responses for all items, we averaged those items with valid responses. Both indices were W. L. Hamilton et al.
scaled by their standard deviation (SD) and centered at zero. Coefficients can therefore be interpreted as the number of SDs of movement on the outcome variable associated with a one-unit change in the predictor variable.
Differences in survey content resulted in an imbalance between the adult and youth indices in the number of injunctive items (one and three items, respectively), which may limit comparability of the measures. We therefore constructed alternative formulations, one that omitted the two 'extra' items from the youth measure and another set that weighted the items to give equal weight to descriptive (perceived prevalence) and injunctive norms (perceived disapproval) for both youth and adults. Substituting the alternative indices in the models yielded results that did not differ importantly from those presented below.
Individual-level covariates
We controlled for adults' smoking status, reasoning that pre-existing smoking behavior may condition respondents' reactions to policy and that most adults' smoking behavior was established before local policies. Excluding smoking status from the model made no material difference. Similarly, the youth model included a measure of whether the youths' parents smoked. Youths' own smoking status and peer smoking were not included in the youth model because these may have been influenced by policy.
We controlled for five individual-level characteristics that are commonly related to smoking prevalence and might therefore be associated with perceptions of community smoking norms: age (continuous variable), gender, education (no more than high school education versus post-high school), household income (>$50 000 versus income up to $50 000 or unreported) and race (nonHispanic white versus other). For youths, the value for education was that of the adult informant in the household.
The youth models also included two items designed to measure rebelliousness and sensation seeking. The rebelliousness index [33] averaged six Likert-scaled items concerning conflict at home and willingness to get into trouble outside the home and was scaled 0-1, with 1.0 indicating the most rebellious response. Similarly, the sensationseeking index averaged four items related to the proclivity for exciting or scary experiences. Both of these constructs have been associated with youth smoking initiation [34, 35] .
Town-level covariates
Although the hypothesis being tested is that local policies influence perceived norms, we envisioned a cyclical process in which community norms influence the adoption of policy, and the adopted policy leads in turn to adjustments to the community norms. To represent the norms that predated the policies of interest, we used the 'percentage of the town's voters supporting Question 1'. Question 1 was a 1992 Massachusetts referendum calling for an increase in tobacco excise taxes. The percentage of town voters supporting Question 1 has been found strongly related to individual residents' support for a variety of tobacco control policies [36] as well as the towns' subsequent adoption of local restaurant smoking restrictions [37, 38] . By including the vote on Question 1 as a covariate, we estimated the association between breadth of town tobacco control regulations and perceived smoking norms in 2001/02 over and above the association that can be attributed to pre-existing antismoking norms. Question 1 voting results for Massachusetts' 351 cities and towns were obtained from the Massachusetts Office of the Secretary of State [39] .
Additional covariates were town population (scaled as the natural log to reduce the outlier effect of the largest cities), percentage of population that is white and percentage of population <18 years of age. Previous research has shown these factors to be related to the adoption of regulations and/or to smoking attitudes and behaviors [6, 31, 32, 37, 38] . Data for these variables came from the 2000 US Census.
Analysis
Because the study used data gathered at both town and individual levels, variation both between and Local tobacco regulation and perceived smoking norms within towns must be accounted for. Failure to account for variation at both levels can lead to model misspecification and aggregation bias. To avoid these problems, we have employed a multilevel data analysis strategy, also referred to as hierarchical linear modeling [40] . Further, our analyses must accommodate predictor variables at both the town (e.g. tobacco control policies) and individual (e.g. smoking status) levels, another feature of multilevel models.
Two-level models were estimated, with individual and household characteristics at the first level and town variables at the second. Although the youth survey structure suggests three levels (individuals, households and towns), only 26% of households had more than one youth respondent, providing only minimal data to separately estimate individual and household levels with reliability and precision.
The analysis began with the estimation of a 'null', or 'fully unconditional', model, which contained no predictor variables. This model was used to partition total variance into its within-and betweentown components. This model also provided baselines for both of these variance components so that we could compute how much variance was explained by each of our subsequent models. To the model, we first added all the predictors associated with individuals, then the non-policy variables at the town level and finally the town-level policy variables. We tested the incremental improvement to model fit using a deviance test. We excluded covariates for which the deviance test yielded a Pvalue >0.05. Lastly, we tested each individual-level covariate to determine whether it should be included as a fixed or random effect; fixed effects were used unless the test indicated that a random effect significantly improved model fit (P < 0.05).
Results
Sample characteristics
Of the 6398 adults included in the analysis, Table I shows that 65% lived in towns with strong regulation in one or two policy domains, while 20% lived in towns with no strong regulations and 15% in towns with strong regulation in three or all four of the domains considered. Relative to adults in other towns, adults living in towns with high breadth of regulation had higher average education and income and lower smoking rates, and their towns more strongly supported Question 1 in 1992. Adults living in towns with medium breadth were more likely to be racial/ethnic minorities, and their towns had larger minority populations. Table II shows similar distributions for the 3670 youths in the sample.
For both adults and youths, the tables show that mean values of the smoking norm indices were higher in towns with greater breadth of strong regulation. This pattern is visible for each of the items that make up the indices. All associations were statistically significant (P < 0.05) in bivariate tests.
Model construction results
Results of the model construction procedure indicated that 24.6% of all variation in adults' perceived smoking norms was at the town rather than the individual level, while only 8.6% of variation in youths' perceptions was between-town variation. This means that town-level factors played a more important role in adults' than youths' perceptions.
A substantial portion of the between-town variation was due to differences in the characteristics of the residents included in the survey. Entering all individual-level variables in the model accounted for 26.6% of the between-town variation for adults and 47.9% for youth (Table III) . Town-level demographic characteristics and support for Question 1 in 1992 were also important. Adding these townlevel variables explained an additional 38.3% of the between-town variation for adults and 42.0% for youth.
Finally, adding the policy variables (medium and high breadth of strong regulation) explained 3.4% of the remaining between-town variation for adults (1.2% of adults' total between-town variation) and 12.1% of the remaining between-town variation for youths (1.2% of total between-town variation). The full models thus explained a considerably greater proportion of the between-town variation in youths' W. L. Hamilton et al. Local tobacco regulation and perceived smoking norms Deviance tests showed that random coefficients added significantly (P < 0.05) to model fit for all individual-level variables in the adult model. For the youth model, the only random coefficient adding significantly to model fit was that for parental smoking. Thus, the adult model was estimated with random coefficients for all individual and household variables, while only the intercept and parental smoking coefficients were treated as random in the youth model.
Multivariate results
The final multilevel model for adults (Table IV) indicated a significant positive association between the presence of strong local tobacco control policies and adults' perceptions of community smoking norms. Adults living in towns with either high or medium breadth of strong policy perceived their communities' norms as more antismoking than adults with low breadth (P = 0.004 for high breadth, 0.025 for medium breadth). High breadth (three to four domains of strong regulation) relative to low breadth (zero domains) added 13% of a SD in perceived norms. This was somewhat less than the effect of having a high school education (19% of a SD) and about the same as the effect of being a non-smoker (12%).
For youths, high breadth of strong regulation showed a significant positive association with perceived norms (P = 0.043). The association was not significant for medium breadth (P = 0.276). The estimated effect of living in a town with high versus low breadth of regulation was 11% of a SD, which is at the low end of the range of effects of the individual-level covariates.
The hypothesis that multiple regulations will have a cumulative effect on perceived norms was tested with mixed results. A continuous version of the predictor variable (number of domains of strong regulation, ranging from zero to four) showed a significant effect for adults (P < 0.001) and an effect approaching statistical significance for youth (P = 0.065), suggesting a linear association. On the other hand, when using the categorical coding of the predictor, the estimated effect of high breadth of regulation was not significantly different from the effect for medium breadth for either adults or youth (P > 0.15).
The measures of policy breadth included clean indoor air regulation (two domains) and youth-oriented Modeled as the log of town population.
Local tobacco regulation and perceived smoking norms marketing regulation (two domains) without distinguishing between them. A supplementary analysis, not shown, separated clean air and youth access regulations. For each, we created a three-level ordinal variable indicating whether the respondent's town had strong regulations in none, one or both domains. We substituted these measures, together and separately, for the policy variables in Tables IV  and V . Both the clean air and the marketing regulation coefficients were positive and statistically significant in the adult models, and both were positive but non-significant in the youth models. It thus appears that both types of regulation contributed to the overall association between breadth of regulation and perceived norms. Several individual-level factors were related to the indices of perceived smoking norms. Community norms were perceived as significantly more antismoking by adults who were non-smokers, older people, more educated people, females and non-Hispanic whites. Among youth, norms were perceived to be more antismoking by those who were younger, less rebellious and less sensation seeking and by those whose parents were more educated, more affluent and non-smokers.
Town-level support for Question 1 in 1992 was a significant predictor of adults' and youths' perceptions of norms a decade later. In addition, norms were perceived as more antismoking by adults in towns with smaller populations and by youth in towns with high proportions of the population <18 years of age.
Discussion
These results are consistent with the hypothesis that local tobacco control regulations influence residents' perceptions of community smoking norms. Massachusetts adults and youths living in towns that had strong tobacco regulations in at least three of the four measured policy domains perceived their towns' norms to be more antismoking than those living in towns with no strongly regulated domains. Among adults, but not youth, this effect existed even when only one to two domains were strongly regulated. Although such effects have not previously been shown for tobacco regulations, they are consistent with empirical and theoretical literature in a number of policy fields, suggesting that government regulations act as statements of norms that influence perceptions and behaviors [20, 21, 41, 42] . Local tobacco regulations may have less influence on the perceptions of youths than adults, as suggested by the non-significant effect of medium breadth of regulation in the youth model. In the variance components analysis, between-town variation represented a smaller proportion of the variance in youths' than adults' perceptions of norms. Therefore, youths may be less sensitive than adults to the implications of local regulations.
Both clean air regulations and youth access regulations contribute to adults' and youths' perceptions of community smoking norms. The contribution of youth access regulations is somewhat surprising, because these regulations do not target adults and have not generally been found to affect youth smoking [3] . The results suggest a positive effect of youth access regulations but, compared with clean air policies, a more modest, indirect or slowly developing benefit.
The influence of local regulations on perceived norms may represent an opportunity for health promotion. Publicity about the adoption and enforcement of regulations, visible reminders such as 'No Smoking' signs and community education activities may increase the awareness of regulations and hence their effect on perceptions of community smoking norms. Because signals about community norms are relevant to the full population, communications should not be limited to those groups directly targeted by regulations.
Communicating these signals effectively may require more effort for youths than for adults. Extra effort may also be required for groups that tend to perceive fewer antismoking norms. This includes adult smokers and children whose parents smoke, adults and children in households with less education and income, younger adults and older youths, rebellious youths, adult males and minority adults. Local tobacco regulation and perceived smoking norms This study has several limitations. First, the cross-sectional study design cannot exclude the possibility that the observed association between policy and perceived norms could stem from reverse causation (i.e. communities with stronger antismoking norms may have adopted stronger policies and respondents' perceptions may have reflected pre-existing norms). Although this possibility cannot be completely ruled out, a strength of this analysis is that it controlled for a town-level measure of antismoking sentiment that predated most local tobacco regulations. Together with other individual-and town-level covariates in the model, this minimizes the chances that the regulations simply serve as proxies for pre-existing norms. Another limitation is the rather simplistic measure of the breadth of local policy. A more sensitive measure might include information on the content of a regulation (e.g. whether a licensing requirement included a provision for license suspensions), the extent of public debate surrounding adoption of the regulation and the stringency of enforcement, but systematic data on these points were not available. The length of time a regulation has been in effect may condition its influence on perceived norms, and this was not examined in the analysis.
A number of factors that might influence perceived smoking norms are not included in our models. Local factors could include unsuccessful efforts to adopt regulations, grassroots antismoking campaigns, tobacco industry lobbying and tobacco education in school. Systematic data were not available on these factors, and omitting them could lead to bias if they were correlated with local tobacco regulations. Omitted statewide or national factors-such as tobacco taxation, mass media antitobacco campaigns or tobacco marketing-would not generally be expected to influence the relative effect of differing local policies. However, Massachusetts had a strong statewide tobacco control program before and during the survey period, and the local regulations examined here might make a greater difference in a policy environment with weaker state-level programs.
Only a few items were available for use in the indices of perceived norms. More sensitive measures of policy breadth and/or perceived norms might reveal stronger associations than those observed here. In sum, this study provides evidence supporting the hypothesis that local communities can influence adults' and youths' perceptions of community smoking norms by adopting a broad array of strong tobacco control regulations. The findings are consistent with the proposition that local tobacco control regulations influence smoking rates through the indirect mechanism of influencing perceived norms, but it remains for future research to determine more fully whether this accounts for some of the impact of policy on smoking behavior.
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